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The ca l cu l a t i on  is  f o r  1 m l eng th  and neutron energy 
of 100 MeV. The three  curves a r e  f o r  s c i n t i l l a t i o n s  
a t  t he  f r o n t ,  middle, and back of t he  s . c i n t i l l a t o r .  
The curve f o r  t he  back s t a r t s  l a t e r  because the  
d i f f e r ence  i n  l i g h t  paths f o r  d i f f e r e n t  emission 
angles i s  l e s s .  Figure 13b shows how the  time 
o r ig ins  of  the  l i g h t  pulses  can be made t o  coincide 
by t i l t i n g  the  s c i n t i l l a t o r .  Compensation f o r  t he  
va r i a t i ons  i n  r i s e  time is  then achieved wi th  
quadra t ic  ex t rapola ted  zero timing t h a t  makes use 
of t he  approximately parabol ic  shape of t he  pulses  
nea r  t h e i r  o r ig ins .  
The b e s t  t i m e  r e so lu t ion  t h a t  has  been achieved 
i n  r e a l  neutron spec t r a  a t  IUCF is  about 0 .8  ns 
FWHM and t h i s  has  been achieved wi th  t i l t e d  de- 
t e c t o r s ,  mean timing, and small  de t ec to r s  a l i k e .  
Two techniques were used t o  measure the  de- 
t e c t o r  e f f i c i ency  a t  energies  nea r  100 MeV. In  
7 one measurement neutrons from 7~i(p ,n) Be were 
counted during proton bombardment of  a f r e s h  t a r -  
g e t  with Ep = 120 MeV. Afterwards, t he  number of 
7 ~ e  nuc l e i  c rea ted  was i n f e r r e d  from an absolu te  
gamma count of the  7 ~ e  i n  t he  t a r g e t .  The angular  
d i s t r i b u t i o n  was measured sepa ra t e ly .  I n  another 
measurement neutrons from 12c (p ,n) 1 2 ~  (g .s . ) were 
counted. The cross  s ec t ion  was ca l cu l a t ed  from a 
measurement of 12~(p ,p ' )12~(15.1  MeV) and the  as- 
sumption of  i so sp in  conservation.  Both methods 
y ie lded  the  r e s u l t  t h a t  t he  e f f e c t i v e  s o l i d  angle 
of t he  t i l t e d  de t ec to r  is equiva lent  t o  t h a t  sub- 
tended by an a r ea  of 32% of c ross  s e c t i o n a l  f ace  
(15 cm x 15 cm) . 
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Development of Future F a c i l i t i e s  
QQSP Pion Spectrograph 
I n  o rde r  t o  increase  t he  e f f i c i e n c y  of da t a  
co l l ec t ion  i n  r eac t ions  which produce charged pions,  
H. Enge of Deuteron Inc.  was commissioned t o  design 
a spectrograph of modest energy r e so lu t ions  with 
l a r g e  s o l i d  angle,  l a r g e  momentum b i t e ,  and sho r t  
f l i g h t  path.  The spectrograph system (QQSP) con- 
s i s t i n g  of two quadrupole magnets and a s p l i t  d ipole  
magnet is shown schematical ly i n  Figure 14. The 
b a s i c  p rope r t i e s  of  t h e  system a r e  summarized i n  
Table 8. 
A cont rac t  has  been awarded t o  Alpha S c i e n t i f i c ,  
Inc .  of Hayward, Ca. t o  car ry  out  t he  engineering 
design and f a b r i c a t i o n  o f  t h e  magnets. Delivery of  
t he  system is  an t i c ipa t ed  f o r  t he  end of summer, 1978. 
I n s t a l l a t i o n  of  t he  system i n  t he  t a r g e t  room shared 
wi th  t he  64" s c a t t e r i n g  chamber (see Figure 3) 
w i l l  then take  p lace  i n  t he  l a s t  qua r t e r  of  1978. 
PION SPECTROGRAPH 
s t a t i o n  and dump associa ted  wi th  t he  QDDM spectrograph 
room. This move was s t imu la t ed  by t h e  r ap id  develop- 
ment of high e f f i c i ency  time compensated de t ec to r s  
f o r  neutron t ime-of-f l ight  measurements wi th  h igh  
energy neutrons (see  P o  21 of t h i s  r epo r t ) .  The 
counting r a t e s  achieved wi th  such l a r g e  volume good 
SCALE - 1/10 time r e so lu t ion  de t ec to r s  al low experiments t o  be 
contemplated over l a r g e r  angular  ranges and wi th  
Figure 14. Schematic r ep re sen ta t i on  of  t he  
QQSP pion spectrograph longer f l i g h t  pa ths  than would have been poss ib l e  
wi th  t he  e a r l i e r  f l o o r  plan. Table 9 g ives  t h e  
Table 8. Basic parameters of t he  QQSP pion 
Spectrograph. 
Orbi t  r ad ius  46.8 cm max 
28.8 cm min 
Angular range 250 t o  135O continuously 
00 t o  lo0 f ixed  s e t t i n g  
Angular acceptance + 100 m r  ho r i zon ta l ly  
+ 100 m r  v e r t i c a l  
s o l i d  angle 35 m s r  low momentum t o  
16 m s r  high momentum 
Magnet gap 5.76 cm 
Magnetic f i e l d  s t r e n g t h  1.0 t o  16.0 kG 
Momen tum range 1.625 
(pmax/pmin > 
Maximum pion energy 125 MeV 
(a t  16 kG) 
Focal plane angle 40° 
Dispersion along f o c a l  1.1 
surface  (cm/% mom) 
Resolution (AE/E) .2% (with ray t r ac ing )  
@ f u l l  s o l i d  angle  
Horizontal  magnificat ion 0.3 
Horizontal  angular  3.2 
magnificat ion 
Ver t i ca l  angular  0.3 t o  0.4 
magnificat ion 
Ver t i ca l  image a t  f u l l  4.0 cm max 
s o l i d  angle 
Beam Swinger for Neu-bon !Erne-of-Flight 
Experiments 
b a s i c  p rope r t i e s  of  t he  beam swinger system. A 
photograph of t he  main beam swinger magnet i s  
shown i n  Figure 15. 
Construction of t he  beam swinger f a c i l i t y  was 
delayed somewhat by the  r e loca t ion  s t u d i e s  and fund- 
i n g  cons t r a in t s .  It i s  now proceeding on a schedule 
designed t o  r e s u l t  i n  an ope ra t ing  beam l i n e  and 
f a c i l i t y  by mid-summer 1978. An a c t i v e  group of 
researchers  await  t h i s  f a c i l i t y ;  a t  t he  December, 
19 77 program advisory c o d  t t e e  meeting s i x  proposed 
experiments were approved. 
As p a r t  of t he  cons t ruc t ion  of t he  beam swinger 
f a c i l i t y  , t h e  o ld  time-of - f l i g h t  f a c i l i t y  , which is 
made up of a t a r g e t  chamber, dump magnet, wa l l  dump 
and s l o t t e d  sh i e ld ing  wa l l ,  w i l l  be removed. This 
f a c i l i t y  has  served w e l l  i n  t h i s  i n i t i a l  ope ra t ing  
per iod  a s  techniques and de t ec to r s  f o r  doing (p,n) 
The beam swinger f a c i l i t y  described i n  t he  l a s t  experiments a t  high energies  (eventua l ly  up t o  200 
annual r epo r t  was re loca ted  i n  t he  planning s t a g e s  MeV) have been developed and r e f ined  while some 
f a r t h e r  t o  t he  n o r t h  i n  t he  acce l e ra to r  bu i ld ing  a s  r a t h e r  i n t e r e s t i n g  da t a  was taken. 
shown i n  Figure 3. This p l aces  t he  beam dump ou t s ide  
t he  bu i ld ing  and al lows f o r  a f u t u r e  experimental  
Table 9. P r o p e r t i e s  of t h e  Beam Swinger f o r  Neutron Time-of-Flight Experiments 
1. Angular Sweep 00 t o  26O 
2. Max P a r t i c l e  Energies  200 MeV P ' s  a t  14.1 kG 
(Designed f o r  900 Kg i n c h  i n  Hp) 
3. Spot s i z e s  f o r  200 MeV P's  (Adjust ing only l a s t  two quads i n  swinger beam l i n e )  
Swing Angle Hor izonta l  Waist 
0 2.66 mm 
12.5O 2.59 mm 
25' 1.24 mm 
V e r t i c a l  Waist 
3.17 mm 
3.16 mm 
2.80 mm 
4. Three Magnet Systems 
Entrance Magnet (40 V a t  750 A) 310 bend 
Main Magnet (100V a t  500 A) 260 bend 
Dump Magnet (23 V a t  650 A) + 13O bend 
4" gap l4"  c i r c u l a r  po l e  t i p  
5. F ive  S t a t i o n s  covering 26O swing 
(1) 0°/260 60 meters  a t  p r e sen t  - 100 meters planned-space reserved  f o r  200 m. 
(2) 240/50° 60 meters  a t  p r e sen t  - 100 meters  planned-space reserved  f o r  200 m. 
(3) 48O/740 60 meters  planned - 150 m reserved .  
(4) 740/1000 50 meters  
(5) 98O/1240 XI meters  
6. 60 meter f l i g h t  pa th  w i t h  t he  expected time r e s o l u t i o n  A t m  = 0.5 n sec  r e s u l t s  i n  an  energy 
r e s o l u t i o n  of 800 keV f o r  200 MeV neut rons ,  450 keV f o r  150 MeV neut rons  and 250 keV f o r  100 MeVneutrons. 
Figure 15. The main beam swinger magnet f o r  t he  neutron t ime-of-f l ight  f a c i l i t y  being unloaded a t  IUCF 
i n  March 1977. This magnet is on loan t o  IUCF from Oak Ridge National  Laboratory. 
